1. This study describes the development of an index for assessing stream habitats in northern Portugal at a variety of spatial scales and levels of perturbation. In developing the index, 86 environmental variables, including regional and local ones, were used to reflect the geomorphological characteristics, riverine habitat, and human activities occurring in each basin.
INTRODUCTION
Evaluation of river health often involves assessments that make a link between biota and the environment. For rivers, two main procedures are used. The first uses models that predict the occurrence of invertebrate or fish taxa at a wide range of impacted sites based on their association with environmental variables (e.g. Wright, 1995; Reynoldson et al., 1997; Oberdorff et al., 2001) . The second, using multimetric systems based on ecologically relevant attributes of the status of assemblages (metrics) that are sensitive to stressors, provides a response that can be separated from natural variation . Both of these approaches provide a way of comparing new sites with a reference situation characterized by the natural or near-natural condition of water quality and habitat features. Development of biological indices that reflect river conditions can be used to compare scores between impacted sites and those not under stress (Scott and Hall, 1997; Oberdorff et al., 2002) . However, it is often more practical to describe the condition of river systems using habitat indices, since they indirectly reflect changes in the aquatic communities in response to human pressures.
Several river habitat indices have been developed in order to incorporate comparisons with reference or target conditions, including River Habitat Survey (Raven et al., 1997) , the United States Environment Protection Agency Rapid Bioassessment Protocols (Plafkin et al., 1989; Barbour et al., 1999) , and the index of Davis et al. (2000) used to predict local habitat features from catchment variables. There are models that use biologically relevant habitat parameters which can usefully measure the dependence of aquatic populations on these variables. These models are generally based on micro-habitat assessment for target species and are not directed at a whole community. For example, PHABSIM (Physical Habitat Simulation System}Milhous et al., 1984) involves measurements of channel shape, water depth, velocity, substrate and cover to describe micro-habitat availability for a defined species list. Bowlby and Roff (1986) developed the Habitat Quality Index (HQI) which relates habitat variables representing food, shelter, stream flow and temperature for trout populations. HABSCORE (Milner et al., 1985 (Milner et al., , 1998 ) is a similar method, designed to predict salmonid abundance from habitat parameters.
The habitat index presented in this paper adopts the principles of reference conditions and their relationship with aquatic organisms. However, a framework of multimetric methods was adopted for the calibration and aggregation of the selected environmental variables into an index. The reference status was also defined in conjunction with the pristine communities of benthic assemblages. This results in a broader application, since it is not created only for target species.
Patterns and processes observed in aquatic communities are determined not only by local mechanisms, but also by processes operating at a larger scale, such as hydrological units (Oberdorff et al., 2001) , geology (Corkum, 1989) , geomorphology (Downs and Brooks, 1994) , climate (Hughes et al., 1994) and land use (Imhof et al., 1996) . Because these large-scale factors interact with local factors, a river needs to be examined at different scales ordered into a hierarchy, from the micro-habitat to the catchment level, each with a different degree of sensitivity and recovery time (Frissell et al., 1986) . The index presented here attempts to incorporate instream features together with variables from beyond the main river channel. A hierarchy of variables potentially influencing benthic assemblages were considered as possible causeresponse linkages for both physical and water-quality parameters.
Stream managers often require information about the physical features of a river in need of improvement in order to define passive or active strategies for restoration (McIver and Starr, 2001) and to evaluate the success of such strategies in enhancing the biota (Reeves et al., 1997) . The Portuguese river authority}National Water Institute (INAG)}is taking the first steps in stream rehabilitation and requires tools to assess the effectiveness of schemes before and after work has taken place. The index described here is designed to support and satisfy that requirement by establishing clear links between the aquatic biota and physical features.
METHODS

Study area
The study was conducted in northern Portugal (Figure 1) . It included the catchments of the rivers Lima, C! a avado and Ave, here described as North-west (NW), and the Portuguese part of the Douro catchment. Each catchment corresponds to distinct river basin districts (RBDs), which have their own catchment plans. The main characteristics of the two RBDs are summarized in Table 1 and show that there is intensive human impact in the downstream areas of both catchments, whereas river regulation (due to impoundment structures for hydropower purposes) is more widespread. Flow conditions are relatively higher and less variable in the NW RBD due to the Atlantic influence, which, in conjunction with the steep gradients, creates fast-flowing streams. Urban development and intensive agriculture are less represented in the Douro catchment.
Data collection
The data set consisted of 90 samples (one per site), 36 and 54 respectively in the NW and in the Douro catchments, taken from 47 streams (Figure 1 ) covering the whole range of environmental conditions. Ecological information included benthic biota, physical habitat and water quality assessment. Surveys were carried out during the spring/summer of 1999 in the NW catchments and in 1997 in the Douro basin. Benthic invertebrates were collected using a kick net (350 mm mesh aperture) with a constant effort of 5 min (CPUE). Each habitat (e.g. riffle, pool, edge) was sampled in proportion to its representation at the site. Wherever possible, the organisms were identified to species level, with the exceptions of Hydracarina (order), Diptera (family, or sub-family for Chironomidae) and Oligochaeta (family). All organisms were counted. Environmental variables at different spatial scales, including those associated with human activities, were recorded to develop a method for assessing the stream habitats of all the catchments in northern Portugal. The data represent 85 environmental variables, which can be divided into 36 regional and 49 local categories, the latter comprising reach and valley variables. Names and abbreviations of each variable, units and expected response to increasing perturbation are presented in Table 2 . This table shows that there is a higher level of human impact in the NW RBD, at the two spatial scales, in spite of its relative hydrological stability.
Disturbance in the catchment was assessed in relation to the removal and destruction of habitat, clearance of stream-bank vegetation, alien plant species, forestry and road building, regulation of rivers, sedimentation from land clearance, diffuse pollution, and point-source pollution from industry, urban development and mining. Measurements of local environmental variables took place along the same 100 m stretch used for biological data collection. Valley-scale variables were based on a standard 2 km length, comprising the area that directly influences the river channel. Regional environmental variables were measured for the whole catchment upstream of the sample site.
Reach and valley variables describing local conditions were evaluated in the context of instream and surrounding habitat features, water quality, flow regime, aquatic and riparian vegetation, energy sources, land use, artificial modifications of the channel, banks and valley, location and climate. The regional variables were expressed in terms of geomorphological characteristics, land cover, chemical contamination from diffuse sources, impoundment effects, and urban and industrial impacts.
Data analysis
Selecting and testing environmental variables
Since the aim of this study was to create an index that accurately measures and diagnoses the cumulative impacts of multiple stressors through a small group of variables, the first step was to select those variables representative of the various scales that explained most of the variance in species composition. For this purpose, a canonical correspondence analysis (CCA) was performed using CANOCO (ter Braak and Smilauer, 1998) . CCA is a method of direct gradient analysis, where the ordination of objects (sites) is based simultaneously on species data and on associated environmental information (Jongman et al., 1987; ter Braak and Prentice, 1988) . Only those variables with a variation inflation factor (VIF) less than 20 were included, to avoid multicollinearity (ter Braak, 1986) . Multiple CCAs were necessary to obtain a restricted set of statistically independent environmental variables related to the benthic assemblages. Data were standardized for environmental variables and by a non-linear procedure for taxa (log x+1). The remaining environmental variables were analysed in order to determine their relationship with geographical patterns. For this purpose, seven alternative a priori site classifications (clusters of sites) based on altitude, catchment area, mean catchment slope, latitude, stream order, mean daily air temperature and catchments were tested by discriminant function analysis (DA). Thus, the classification that presented the fewest cases misclassified was selected for further tests, a technique used by Barbour et al. (1996) . The package STATISTICA 5.6 # (Statsoft, 2001 ) was used to achieve this selection.
Non-metric multidimensional scaling (n-MDS) analysis, an ordination method based on a rank order of Bray-Curtis similarities of benthic data between sites, allowed comparison between the previous classification of sites produced by the environmental variables with the zonation patterns displayed by this fauna. This analysis clarifies the data when species composition is determined by factors other than position along a specific gradient (De'ath, 1999) . The n-MDS was computed from transformed (log x+1) species abundances using the package PRIMER 5 (Clarke and Gorley, 2001 ). Such a classification allowed an independent treatment of each group of sites so that the selection of variables could be made within them by performing new CCAs. Variables that were not consistent in explaining the variance of taxa among those groups were discarded. To ensure that only those variables that are good indicators of human impacts were chosen and, consequently, to obtain an index independent of stream typology, Pearson correlations were made between distance from source of all sites (n=90) and the preselected environmental variables.
A set of undisturbed sites is required to establish regional reference conditions for comparisons of metrics (Barbour et al., 1996) . Using an n-MDS for each group of sites on the basis of their macroinvertebrate composition, an a posteriori approach to classifying sites along a gradient of human disturbance can be made by identifying groups of reference and modified sites. Refinement and confirmation of the site classes were accomplished through comparisons of physical and chemical data collected in each location with the norm of the INAG that defines the use of water for multiple purposes in different classes. This norm is based in 27 parameters that describe the principal nutrients and micropollutants. Thus, a site was considered unimpaired if it belonged to class A and impaired if it belonged to classes D or E.
Once the reference sites and most of the modified sites had been clearly defined, they were used to test the sensitivity of the final variables within catchments. The ability of each environmental variable to discriminate between stressed and unstressed conditions was evaluated according to the method described by Barbour et al. (1996) , which is based on the degree of interquartile overlap in 'box-and-whisker' plots. If there is minimal or no overlap between the distributions then the variable can be considered to have a strong discriminatory power, but if the overlap is considerable then the variable is discarded.
Index development
After restricting the number of variables, the structure of the Habitat Condition Index (HCI) required two further steps:
1. Definition of the scoring criteria for each variable within each catchment via standardization to unitless scores to guarantee that each variable has the same value and importance even though they have different scales. Five scores were considered by using the appropriate quartile of the reference distribution (25th or 75th percentile if variables decrease or increase with impairment respectively}see Table 2 ). Thus, using the appropriate percentile as the threshold, values that are closest to this percentile receive higher scores (4 and 5), and those having a greater deviation receive lower scores (1 to 3). The final value of HCI resulted from the sum of core variable scores for each separate catchment. 2. Definition of the HCI categories related to the various levels of impairment. The threshold to delimit impaired versus unimpaired conditions was that for the moderate versus good status, which corresponds to the 25th quartile. The other condition classes resulted from equidistant sectioning of the remaining index amplitude.
The flow chart of the main steps involved in the construction of the HCI is shown in Figure 2 .
RESULTS
Selection of variables and sensitivity analysis
CCA, together with the examination of individual VIFs, suggests that 40 candidate variables make a statistically significant contribution to the variability of invertebrate assemblage (Table 3) . Seven belong to the group of regional variables. Six (three at a regional scale (SO, A(cat) and Sb) and three at a lower local scale (Altitude, Lat and Tair)) are typological descriptors consequently eliminated from the group of the remaining 40 variables. These six typological variables were used together with the catchment to classify sites into discrete groups to detect major geographical patterns. The remaining 34 variables were used to formulate the habitat index.
The two RBDs considered (NW and Douro catchments) gave the most appropriate classification of the stream networks. This partition resulted in a 0% misclassification rate of sites, enhancing the discriminatory power of the geographical patterns of the streams ( (Barbour et al., 1996) Variables standardization Scoring HCI Index Figure 2 . Main steps in the development of the HCI to assess the environmental disturbance of river sites.
HABITAT CONDITION INDEX FOR STREAMS IN PORTUGAL
The n-MDS ordination of invertebrate species composition displayed a similar separation into two basin groups, overlapping the RBD division ( Figure 3 ) and confirming that the benthic communities display different assemblages in each region.
A further refinement of variables took place for each catchment through another CCA and resulted in the elimination of nine environmental variables (hmax, w, Ss, turb, RR, RZS, Hard/Soft, Ptot, Inert). Table 5 shows the Pearson correlation coefficients for the remaining 25 variables. Environmental variables that exhibited a high correlation with the longitudinal gradient expressed by distS (p50.01) (h, w/h, temp, %ripC and IRS) were eliminated because they are sensitive to natural variation and hide the effects of perturbation.
Once the catchments were made evident, n-MDS ordinations were made separately for each one (Figures  4 and 5) . It appeared that in both catchments it was possible to define a disturbance gradient, suggesting that the two groups of sites support different invertebrate communities; consequently, this allowed the selection of a group of reference and impaired stations for scoring the candidate variables. Thus, the reference sites, in both catchments, were characterized by a high diversity of species intolerant to disturbance and organic pollution belonging mainly to the Ephemeroptera, Plecoptera, Trichoptera and Coleoptera. In contrast, impaired sites were dominated by Oligochaeta, Gastropoda and Hirudinea, and totally lacked species of Trichoptera, Plecoptera and Odonata.
To assess the discriminatory power of the 20 variables retained from the previous procedures, boxand-whisker plots ( Figure 6 ) were constructed for each catchment. This analysis showed that 
Development of the HCI
The standardization of the core environmental variables was accomplished by dividing them into five categories. Given that the environmental variables, such as Bank alt, Debris, LUS, SLS and QBR, were originally assessed by five ordinal rating categories, the same 'pentasection' was used to score the range of all variables. Scores for the retained variables were obtained by their descriptive statistics (min value, max value and 25th, 50th and 75th percentiles) and appear in Table 6 . Through these data it was possible to compute for the NW and Douro catchments the potential maximum and minimum index scores, which were 50 and 10 respectively. By comparing the index scores of the reference and modified sites within each catchment (Figure 7) , the ability of the HCI to separate these groups becomes clear. Appendix 1 illustrates the field data sheet derived for HCI, which consists of the 10 final variables, six for the reach scale and four for the valley scale, with five conditions for each one. A score of 5 indicates a reference condition, whereas a score of 1 indicates the most disturbed condition. The habitat condition of the stream is calculated by the sum of the scores for all variables. 
DISCUSSION
The HCI attempts to combine the different levels of the habitat descriptors in order to quantify human impacts on river systems. This objective helps to fulfil a growing need to evaluate ecological integrity at individual sites up to the level of the whole catchment. It also includes the quantification of cumulative effects in order to develop management strategies and establish procedures for conservation and restoration according to the level of observation and management boundaries (Moyle and Marchetti, 1999; Ward et al., 2001; Vlstad et al., 2003) . Three factors for assessing physical habitat in large catchments need to be addressed: (a) the survey time that is required, especially when habitat assessment is done across a range of spatial scales (Maddock, 1999) ; (b) knowledge of the relationship between the biota and measured variables; and (c) the character of the variables. These aspects were considered during HCI development: the environmental variables do not require extensive field work; their selection was made by crossing biological and environmental data matrices through CCA (Table 3) ; and the scores derived reflected the disturbance character of sites (established by the n-MDS; Figure 4) . Moreover, the HCI eliminated the redundant variables through the successive CCAs and adopted exclusively those that exhibited an independence from the natural variation (Table 5 ). In addition, it took into account the environmental characteristics of the two main catchments by a differential scoring of variables, although it must be recognized that this separation could be the result of the different years in which these areas were sampled. The end product was a simple index that avoids the high costs of surveying two spatial scales (habitat and river corridor) and which exhibits a clear separation of sites according to the degree of human impact (Figure 6 ). The philosophy of the HCI, integrating the biotic and abiotic components, also led to the development of indices such as ISC (Index of Stream Condition}Ladson et al., 1998) . This index was produced by a research group with expertise in stream ecology, geomorphology, water quality and hydrology, including members from river management bodies and government departments. It comprises an empirical set of indicators that can be used and understood by river managers, with the objective of assessing environmental degradation. Five components are included in the ISC: hydrology, physical form, streamside zone, water quality and aquatic life (benthic fauna), which are scored and weighted, based on the pragmatic judgements of the research group. Because the number of potential environmental variables to evaluate is vast (from land-use patterns to the micro-habitats within different catchments), the need for such extensive habitat evaluations, instead of relying only on biological assessments, must be questioned. Habitat methods generally display a much lower variability when compared with biological assessments (e.g. macroinvertebrates), making modification thresholds simpler to define and calibrate (Hannaford and Resh, 1995) . Biological metrics used to measure stream health, such as IBI or ICI, are generally applied at a reach scale and not at a catchment level. One exception is the W-IBI, developed by Moyle and Randall (1998) and applied by Moyle and Marchetti (1999) , that evaluates catchments using metrics based exclusively on native amphibian and fish populations. Increasing the spatial scale of observation may decrease the temporal frequency of the observations, since the variables do not exhibit the intense temporal dynamism linked to short-term impacts and the associated specific resilience of the habitat and micro-habitat (Frissell et al., 1986) . However, the fact that the HCI also displays a weak relationship between catchment or regional variables and biota when compared with local variables that characterize the reach or the fluvial habitat cannot be ignored. One explanation is that the effects of perturbation occurring at a catchment level may be reduced by the time they reach the river. Such a buffering influence is probably amplified by a riparian corridor. This is supported by the fact that the HCI includes variables such as structure of arboreal vegetation (SAV) and riparian habitat quality (QBR), which are directly linked to local riparian conditions. Moreover, other variables included in the index are also related to the integrity of this vegetation, such as debris or even conductivity. In reality, the biological integrity of rivers is, to a great extent, dependent on riparian vegetation, both through its influence on stream nutrients, sediment inputs and water temperature, and on the energy sources and flow regime (Naiman, 1992; Sweeney, 1992; Roth et al., 1996) . Riparian ecotones indeed have the ability to mitigate human impacts at larger scales, since they contribute to the retention of sediments and nutrients (Jaworski, 1993) . Removal of riparian vegetation leads to stream-bank erosion, increases the accumulation of fine sediment in the channel, and reduces the recruitment of large woody debris, which plays an important role in retarding sediment transport and providing habitat for aquatic organisms (Jaworski, 1993; Bisson and Bilby, 1998) . Thus, it is natural that restoring buffer strips represents an essential tool in river rehabilitation, as they reduce siltation and improve fisheries (mainly herbivore and insectivore populations and also litophilous spawners) (Rabeni and Smale, 1995) . Because the way in which large-scale factors operate may be complex and may interact with local factors (Frissell et al., 1986) , there is a considerable skill involved in defining landscape metrics for monitoring landscape change aided by the rapid development of remote sensing and geographic information systems. However, Gergel et al. (2002) remain sceptical and question whether it is worthwhile integrating large-scale variables in monitoring programmes, since it is often difficult to establish cause-effect relationships with biotic communities. The fear is that unnecessary additional costs may accrue, since the process reduces the speed in obtaining data. Broad-scale sampling involves trade-offs between time, effort, and level of detail and can often lead to confusing and contradictory results. For instance, McMahon and Harned (1998) found that land use was a strong predictor of nutrient concentrations in streams at the catchment scale. Johnson et al. (1997) and Cresser et al. (2000) also discovered the same relationship between nutrient loads and land use, but they concluded that these effects are limited to the immediate neighbourhood of an aquatic system. Similarly, Sliva and Williams (2001) concluded that landscape factors do not reflect nutrient variability in the rivers, since local factors (such as point-source pollution) are often better predictors. Snyder et al. (1999) also managed to obtain linear relationships between biological integrity and micro-habitat or riparian structure simply by scoring these descriptors visually. However, these influences depend on the nature of each variable. Sponseller et al. (2001) verified that whereas water chemistry was related to land cover at the scale of the catchment, stream temperature and substratum were related to land cover at the scale of the riparian corridor in the same catchments. Vlstad et al. (2003) found that the risk of local impairment in non-tidal streams increases rapidly with increased urban land-use in the catchment area.
To accommodate the demands of the Water Framework Directive (WFD), which guides river management at the catchment scale, additional research will be necessary to include variables at this level in the HCI with obvious linkages to the aquatic biota. At present, the HCI is being used as a screening method for selecting WFD reference sites at an affordable cost. Its application will permit validation of the results and will help to make the index more accurate by showing whether there is a significant spatial variation of the parameters included in the HCI between the main catchments. This aspect was possibly confounded in the present work due to the different yearly sampling periods (i.e. Douro in 1997 and NW in 1999) .
